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Map of central Asia, showing countries, capitals (red stars), larger cities (black dots), and major geographic features.
The Silk Road and REE-RM
Central Asia, situated along the historic "Silk Road" trade route, has long been a network for the movement and transportation of people, energy, and mineral resources between Europe and Asia. Once part of the former Soviet Union, this region historically produced rare earth elements (REE), and is still an important source of base and precious metals, as well as rare metals (RM).
Today, central Asia is re-emerging as a REE-producing region. In the countries of Kazakhstan, Kyrgyzstan, and Tajikistan, there has been renewed interest in REE (and related RM), particularly following the REE price run-ups in 2007 and 2009, and a dramatic price spike in 2011. These countries have since implemented mining sector reforms to create a more attractive investment environment for domestic and foreign mineral exploration and economic development.
High-quality and readily accessible information about the geology and mineral resources of the region is essential for facilitating reforms, reducing economic risk, and stimulating private-sector interest. In 2012-13, the U.S. Geological Survey (USGS) conducted an evaluation of the REE-RM mineral resources of central Asia, which included the development of a mineral occurrence inventory, and the study of related capacity and capacity-building needs of the region.
Tectonic Setting
The REE-RM-bearing mineral occurrences of central Asia are products of numerous magmatic, metamorphic, and sedimentary metallogenic (mineral-deposit forming) processes that took place during successive cycles of accretionary and extensional orogenesis (mountain building), and post-orogenic weathering, erosion, and deposition. Flanked by cratons and tectonic blocks of Precambrian age, the region consists of younger orogenic belts representing numerous continental and oceanic crustal fragments that were welded together during a complex and episodic history of subduction, accretion, arc-and continent-continent collisions, and ocean basin closures in Paleozoic and Mesozoic time (see Windley and others, 2007 
REE-RM Resources
In a global context, domestic REE reserves are modest, accounting for about 10 percent of the world total (Gambogi, 2014) . Currently the United States does not produce REE, but is a net importer, obtaining its REE raw materials from foreign sources, primarily from China. Over the past two decades, the importance of REE has increased markedly owing to (1) high demand for modern technologies and advanced materials, of which REE are integral components; (2) uncertain supply, given China's dominance of over 95 percent of global REE production; and (3) the unique electronic, optical, and magnetic properties of REE, which cannot be matched in performance by other metals or synthetic materials (Long, 2011) . These factors have raised international concern that new sources of REE outside of China must be identified, explored, and assessed for economic viability. Central Asia is of significant interest for mineral exploration because it hosts known REE-RM-bearing mineral occurrences and is thought to have considerable undiscovered resources. The USGS has compiled an inventory of 384 occurrences in Kazakhstan (160 sites), Kyrgyzstan (75 sites), Tajikistan (60 sites), Uzbekistan (87 sites), and Turkmenistan (2 sites), which range from mineral showings to previously developed deposits (Mihalasky and others, 2017) . The most important attributes recorded in the inventory include occurrence location, geologic setting, deposit type, size, associated commodities, grade, mineralogy, and age of mineralization.
The occurrences are associated with at least 16 different deposit types, among which 5 broad deposit-type classes are recognized: (1) 
REE-RM Resource Potential
In addition to developing an inventory of known occurrences, another principal objective of the USGS evaluation of Map of central Asia (Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan, and Turkmenistan) showing rare earth element-and rare metal-(REE-RM) bearing mineral occurrences and areas-of-interest (AOI) for mineral resource potential. The 384 known REE-RMbearing occurrences include 16 deposit types, which are generalized into 5 broad classes. The AOI represent (1) regions where alkaline igneous rocks and carbonatites are present (from Kogarko and others, 1995;  these rock types are known to be closely associated with commercially important REE-RM-bearing deposits worldwide); and (2) prospective areas, promising occurrences, and known occurrences identified in State agency exploration reports and presentations provided by geoscientists from Kazakhstan, Kyrgyzstan, Tajikistan, and Uzbekistan at an REE-RM resources workshop, hosted by the U.S. Geological Survey, and held at the Kyrgyz National Academy of Sciences, Institute of Geology, on September 16-17, 2013 (4) the North Tien Shan Belt, characterized by a wide variety of deposittypes, and which has the largest potential for commercial production from the Aktyuz cluster of deposits (this includes the peralkaline igneous rock-hosted Kutessay II deposit, a past-producer and supplier of heavy REE and RM to the former Soviet Union); (5) the South Tien Shan Belt, host to the greatest number and variety of occurrences and deposit-types, including peralkaline, granitoid, and other igneous rock-related prospects and showings in the east and east-central region of the belt, as well as pegmatite and sandstone-hosted uranium in the west and west-central region; and (6) the Pamir Belt, defined mainly by pegmatite, peralkaline igneous rock-related, and weathered-crust prospects and showings, including the Sungat granitoid-related prospect in the west, and the Agadjan and Agandzhan pegmatite prospects associated with Dunkeldyk and Pamir Pipes carbonatite complexes in the east.
